as reasonably could be expected to occur within the foreseeable future. Since the current CO2 level does not saturate C3 photosynthesis (9, 12) , and thus the growth of most crop plants, the predicted increases in the ambient CO2 level could potentially have a beneficial effect on crop productivity (1, 29) .
RuBPCase2 is the enzyme responsible for the fixation of atmospheric CO2 into the PCR cycle of C3 plants. Because of its potential rate-limiting role in photosynthesis and photorespiration (18) , this enzyme has been subject to intensive study in the past decade, but its activation and regulation in vivo have yet to be fully defined. With intact, isolated chloroplasts, intact wheat leaves and Arabidopsis plants, the activity of RuBPCase has been shown to be dependent upon both CO2 and light (4, 16, 23 ). Light appears to have an indirect effect in vivo in that it causes an increase in pH and Mg2' levels in the chloroplast stroma (21, 27) . It is now well established that in vitro Mg2' and CO2 act as activators of RuBPCase (15) . Various chloroplast metabolites also have been shown either to positively or negatively influence RuBPCase activity in vitro (5-7, 10, 17) , though, in vivo, the precise role, if any, of these compounds in the regulation of the enzyme is still obscure.
Although the CO2 assimilation rate of a C3 leaf has been correlated with the activity of RuBPCase (18) , it has also been suggested that at high intercellular CO2 levels the rate of RuBP regeneration may become limiting (25) . Recently, it has been reported that the RuBP levels in wheat leaves were dependent upon the leaf irradiance prior to extraction (19) . Thus, both C02 and light may play important roles in regulating RuBP levels in C3 leaves, as well as determining the degree of RuBPCase activation.
In this study, soybeans were grown throughout their life cycle under natural solar irradiance in controlled-environment chambers with atmospheric CO2 levels of 330, 450, and 800 ul C02/1. The effects of elevated CO2 levels on extractable RuBPCase activity and RuBP levels are examined. Furthermore, we report on substantial, light-induced variations in extractable RuBPCase activity from soybean leaves, which appear not to be mediated direct, natural solar irradiance (11 8.3 by the addition of 0.75 ml 2 M Tris base and 0.44 ml 4 N KOH. RuBP was then assayed using crystalline RuBPCase prepared from field-grown leaves of tobacco (Nicotiana tabacum cv NC25 12) as described by Kung et al. (13) . The assays were carried out at 30°C in a total volume of 1 ml in serum-stoppered Reacti-Vials which contained 0.4 ml of 50 mM Tris-HCl (pH 8.5), 10 mM MgCl2, 5 mM DTT, 20 mM NaH'4C03 (0.2 MCi/hmol), and a 0.5-ml aliquot of the supernatant leaf extract. The reaction was initiated with 0.1 ml of the tobacco RuBPCase (equivalent to 0.15 mg protein) which had been previously dissolved in 100 mm Tris-HCl, pH 8.5, 10 mm MgCl2, 10 mM NaHCO3, and 100 mM NaCl, and reactivated at 50°C for 25 min (13) . After 1 h, the reaction was terminated with 0.1 ml 1 N HCI. Aliquots (0.9 ml) were then dried in an airstream and their radioactivity was determined by liquid scintillation spectrometry. The RuBP levels in the liquid N2-frozen leaf tissue samples were found to remain unchanged for at least 8 months of storage.
Since Chl was converted to pheophytin during the extraction of leaf powder in dilute HCI, the original Chl concentration was determined by measuring pheophytin (24 Some differences between the control CO2 treatment (330 ul C02/l) and the highest CO2 growth treatment (800 ,ul C02/l) in both the HCO3j/Mg2+-activated and nonactivated RuBPCase values also were observed (Fig. 1) . At 0600 EST, the HCO3 / Mg2+-activated enzyme of the 330 ,l C02/1 control was 50% higher than that ofthe 800 Ml C02/l treatment. At other sampling times during the day, the differences between these two CO2 treatments were not significant. However, the nonactivated RuBPCase values from the highest CO2 growth treatment were consistently lower than those of the 330 gl C02/l control, and this trend was more marked during the morning sampling periods (Fig. 1) .
Further determinations of the HCO37Mg2+-activated Ru- Al C02/l (Fig. 4) . In the covered chamber, leaf RUBP levels were maintained at about 0.9 nmol/mg Chl as long as the plants were kept in the dark conditions. However, when the cover was removed from the chamber at noon and the plants were exposed to solar PAR at 1500,Mmol/m-~s, a sharp increase in RuBP levels to 120 nmol/ mg Chl was observed after 5 min of exposure to the sunlight (Fig. 5) . Unlike the control, the RuBP level in leaves from the covered chamber remained constant at 120 nmol/mg Chl, even after several hours of irradiance, and never attained the highest RuBP levels observed in the control chamber plants. Measure 
DISCUSSION
In green leaves, the amount of RuBPCase and the degree to which it is activated under given environmental conditions are important factors in the regulation of CO2 assimilation (4, 19 Mg2+ concentrations and pH that occur upon irradiance (21, 27) and (19) . In the present study, using soybeans grown under natural sunlight, there was some indication that a higher quantum irradiance than the 225 Mlmol/m2* s reported for wheat (19) was required to induce the highest RuBP levels, because the RuBP levels measured on the overcast October sampling date never reached the maximum values observed on November 2, 1982.
As has been reported for isolated spinach chloroplasts (22) and wheat seedlings (19) , RuBP levels in the dark were low, and in the case of the soybean leaves they were close to zero. They remained very low in the covered chamber throughout the morning; however, upon exposure to sunlight at noon, RuBP rose rapidly. A similar rapid rise in RuBP levels, within 1 or 2 min, has been observed in wheat (19) upon switching from dark to light. The rapid rise in soybean RuBP levels upon exposure to light paralleled the increase in RuBPCase activity. In the present study, it is not clear why the RuBP levels failed to reach those of the control leaves, even after several hours of full sun exposure. Data from the control and covered chambers on canopy photosynthetic and transpiration rates were similar, after removal of the cover. This suggests that differences in stomatal closure were not the cause of the variation in the maximum RuBP levels. To attain the highest RuBP levels in soybean leaves, it may be that both high irradiance and a relatively prolonged exposure period are required. Furthermore, from these observations it would appear that RuBP levels were not a major factor limiting soybean photosynthetic rates, at least for the greater part of the day.
The results from this study indicate that increasing atmospheric CO2 levels during growth affect the levels of RuBP and the RuBPCase activity of soybean leaves. Increased CO2 during growth increased the RuBP levels, but decreased RuBPCase activity especially during the earlier growth stages. Recently, CO2 enrichment, to a doubling of atmospheric levels, has been reported to reduce RuBPCase activity in other C3 species. These include Atriplex triangularis, Nerium oleander (9), and cotton (28) . In N. oleander, the reduction in RuBPCase activity was associated with a reduced amount of RuBPCase protein at the higher CO2 level (9) . This reduction in RuBPCase activity, and possibly RuBPCase protein, in C3 species at elevated atmospheric CO2 concentrations is analogous to the lower levels of the enzyme found naturally in C4 plants which possess an internal CO2 concentrating mechanism (9) . Although in soybean leaves, as in C4 plants, the RuBPCase activity was somewhat depressed, this was more than compensated for by the stimulatory effect of increased CO2 on C3 photosynthesis. Thus, in a related study on these soybeans, net photosynthetic rate (measured at the elevated CO2 level used for growth), starch content, plant weight, and seed yield were all found to be enhanced by CO2 enrichment (26) . Consequently, it appears that an increase in atmospheric CO2 would increase soybean production, despite a concomitant minor reduction in RuBPCase activity.
